The surface-potential barrier shape for the (001) face of copper was determined by an analysis of lowenergy-electron-diffraction fine-structure measurements.
I. INTRODUCTION
Low-energy-electron-diffraction (LEED) fine-structure features, or threshold effects, are only observed at very low energies (typically (40 eV). They arise from an interference between the measured beam (usually the specular) and another beam that has insufficient momentum perpendicular to the surface to escape the potential barrier. This preemergent beam is internally rejected at the barrier and can be rescattered by the substrate back into the direction of the measured beam. Due to the longrange image-like behavior of the barrier the resulting interference usually consists of a Rydberg-like series of peaks converging on the emergence energy of the preemergent beam. This is the energy at which the beam can escape the barrier. '
The structure of the threshold effects depends upon the nature of the transition of the crystal potential to the vacuum level as a function of distance from the surface. The most critical factors involved in this barrier shape are the location of the image p1ane for the long-range imagelike part of the potential and the saturation of this potential close to the crystal surface.
In this work we have measured and analyzed LEED I-V spectra containing fine-structure effects at three different angles of incidence. These angles of incidence, the azimuthal angles, and the absolute energy scale of the spectra were known precisely by the use of an internally consistent method to determine these parameters. The Cu(001) potential energy barrier shape has been studied previously, both experimentally and theoretically. 
II. EXPERIMENT
The apparatus used to obtain the fine-structure data was mounted in a UHV chamber and has been described previously. ' We have shown previously how this "equivalent resolution" varies as the incidence conditions change. ' We have also shown how it is possible to unambiguously determine the angles of incidence and azimuth for these fine-structure measurements. The copper crystal was prepared using techniques described elsewhere.
The surface was mechanically ground and polished and then electropolished.
In situ cleaning consisted of argon ion bombardment and annealing cycles. Surface cleanliness and order were monitored using LEED and Auger electron spectroscopy (AES). Figure 1 shows the match between theory and experiment for the barrier shape parameters that gave best fit over the range of incident angles shown. The calculated spectra have been convoluted with Gaussian functions to simulate experimental resolution.
III. RESULTS AND ANALYSIS
The half-widths of these functions corresponded to the appropriate equivalent resolution for each angle.
In determining the optical parameters zp was varied from -1.7 to -4.2 and A, from 0.65 to 1.1S a.u. Figure 2 shows a contour plot of Cu(111) surface but this appears not to be the case for the Cu(001) surface.
